Abstract Twelve pieces of longissimus dorsi were processed into Chinese traditional dry-cured loins. The changes in the proteolylic enzymes activities, myofibrillar proteins degradation, and free amino acids content were investigated during processing. Compared with fresh piece (0 day), the cathepsin B ? L and calpains activities decreased after dry-curing and maintained potential activities values of 23.25 and 15.04% in the final products, respectively. The myosin heavy chain (MHC) and C protein were intensely degraded at the dry-ripened stage; the 50 kDa desmin increased at day 2 and then disappeared at day 11. The total free amino acids content increased from 333.18 mg/100 g in the raw to 1096.54 mg/100 g at the end of the dry-ripening. This work provided a mechanism for the accumulation of free amino acids and predicted the proteolysis extent of myofibrillar proteins by monitoring the changes of three marker proteins (MHC, C protein and 50 kDa desmin) during Chinese traditional dry-cured loins processing.
Introduction
Chinese traditional dry-cured loins, one popular dry-cured meat product, are considered as a high quality product, with an outstanding flavor parameter. It is highly popular in the southwest of China. Similar to dry-cured hams and bacons, Chinese traditional dry-cured loins are produced by dry-curing and dry-cured ripening; however, the period of their processing is shorter than those of dry-cured products. The flavor of dry-cured lions is often described as distinctive tangy, delicate, meaty, and salty. The formation of the flavor quality of the dry-cured meat products requires a long processing stage, particularly the long dry-ripening phase. The aromatic composition of dry-cured meat products was fairly complex, with numerous flavor compounds during processing [1] . Many efforts have been made to determine the volatile compounds of dry-cured products in recent years; a number of outstanding reviews on the main volatile compounds and the mechanism of formation in dry-cured products have been published [2, 3] . However, as far as we know, the accumulation of nonvolatile compounds is not evaluated for Chinese traditional dry-cured loins.
Taste is one of the main sensory impressions of food or other substance and is derived from nonvolatile compounds that stimulates the olfactory and taste receptors [4] . Free amino acids, nucleotides, and small peptides were the main nonvolatile compounds in the dry-cured meat products [5] . It is well known that during dry-ripening, endopeptidases (mainly cathepsins and calpains) are involved in the initial breakdown of sarcoplasmic and myofibrillar proteins and then in the proteolysis of fractions to small peptides or free amino acids [6] . Jurado et al. [7] demonstrated that proteolysis not only influenced texture but also affected flavor development as it could change the formation of low-molecular weight compounds. During recent decades, various studies have been focused on improving the taste of these meat products with low-salt content such as drycured bacon [8] and Valencia dry-cured loins [9] . Most of abovementioned dry-cured meat products were processed for a long processing period, even [2 months. Compared with these dry-cured products, Chinese traditional drycured loins have a relatively shorter processing (within 20 days). During the short processing, the contribution of endopeptidases and myofibrillar proteins degradation to the tasted compounds including free amino acids and peptides are still not clear. No literature is available on the development of quantity of tasted compounds during Chinese traditional dry-cured loins processing, and it is very necessary to make clear the mechanism of accumulation of free amino acids.
The objective of the present study was, therefore, to investigate the evolution of free amino acids, assess the myofibrillar proteins degradation, and determine proteolytic enzyme activities during the short processing of Chinese traditional dry-cured loins.
Materials and methods
Processing and sampling of Chinese traditional dry-cured loins All the procedures described in this study were in accordance with the Operating Procedures of Animal Slaughter of Animal Experimentation of National Standards of P. R. China. Experimental pigs aged from 5 to 6 months (body weight 93 ± 15 kg) were slaughtered. A total of 12 fresh longissimus dorsis with an average weight of approximately 2 kg for each piece were purchased from a local commercial slaughterhouse and stored at 4°C. After 48 h of storage, L. dorsis was cut to fresh pieces (about 8 9 10 9 25 cm for each). A total of 48 fresh pieces (4 pieces were taken from every L. dorsis) from 12 L. dorsis were cut. Thirty-five fresh pieces with standard sizes and invisible connective tissue were selected from the fresh pieces. Dry-cured loins were processed according to the traditional procedures. The fresh pieces were dry-cured directly for 1 day with curing agents (4% NaCl (w/w) and 50 mg nitrate per kg lions) at 4°C and 90% relative humidity (RH). During this period, 1-2 turnovers were given. After dry-curing, the pieces were washed to remove excess salt on the surface at 4°C. Finally, the pieces were dry-ripened for 14 days according to the procedures shown in Table 1 . The total processing procedures took 15 days. The muscle samples were taken at seven different processing points: fresh piece (0 day), end of dry-curing (1 day), 1 day of dry ripening (2 day), 4 days of dry ripening (5 days), 7 days of dry ripening (8 days), 10 days of dry-ripened stage (11 days), and 14 day of the dryripened stage (15 days). At each processing point, five samples were randomly taken for analysis. After sampling, samples were wrapped in an aluminum foil, frozen, and stored in liquid nitrogen for further analysis.
Extraction of a crude enzymes solution for cathepsin assays in vitro
The crude enzymes solution was extracted as described previously by Hernández et al. [10] with slight modification. Muscle sample (0.5 g) was homogenized in 2.5 ml of 50 mM sodium citrate buffers containing 1 mM EDTA and 0.2% (v/v) Triton X-100 at pH 5.0 with a DY89-I high speeds homogenizer (Scientz co., Ningbo, China) for 3 9 10 s at 10,000 rpm while cooled in ice and centrifuged at 12,000 g for 20 min at 4°C with a refrigerated centrifuge (Hunan Xiangyi Laboratory Instrument Development Co., Changsha, China). The supernatant was filtered through a glass wool and used for enzyme assays. The protein content of supernatant was calculated using a bicinchoninic acid (BCA) protein assay kit (Thermo Scientific, MA).
Preparation of enzyme extracts for calpain assays in vitro
The crude enzymes solution was prepared as described previously by Toldrá and Flores [11] with slight modification. The muscle sample (1.0 g) was homogenized in 3 ml of 50 mM Tris buffers containing 3 mM EDTA and 10 mM mercaptoethanol, pH 8.5. The extract was homogenized (3 9 10 s at 10,000 rpm while cooled in ice) with a DY89-I high speeds homogenizer (Scientz co., Ningbo, China) and centrifuged at 12,000 g for 20 min at 4°C with a refrigerated centrifuge; the supernatant was filtered through a glass wool and adjusted to pH 7.5, and then centrifuged again in the same conditions. The final supernatant was used for calpain assays. The protein During the processing, temperature firstly increased from 13 to 28°C at 1.5°C per day and then from 28 to 34°C at 2°C per day, progressively; RH% reduced from 85 to 79% at 0.5% per day and then from 79 to 78% at 1% per day, progressively content of supernatant was calculated using the protein assay kit mentioned above.
Cathepsin B 1 L activities determination
Cathepsin B ? L activities were measured as described by Toldrá and Etherington [12] using N-CBZ-L-phenylalanyl-L-arginine-AMC as substrates. The reaction mixture comprised 50 ll of enzyme extract and 250 ll of reaction buffer, 40 mM sodium phosphate at pH 6.0, containing 0.4 mM EDTA, 10 mM cysteine, and 0.05 mM of the specific substrates. The reaction mixture was incubated for 30 min at 37°C. The fluorescence was continuously monitored using a 96-Well Plate Reader M200 (Tecan, Austria) at 355 nm and 460 nm as the excitation and emission wavelengths. The assays of cathepsin B ? L activity were done for five repeat. One unit (U) of cathepsin B ? L activity was defined as the amount of enzyme hydrolyzes 1 lmol substrates per min at 37°C; cathepsin B ? L activity was expressed as U pre mg protein (U/mg protein).
Calpains activities determination
The measurement of calpains activities was conducted as described previously by Soh et al. [13] with slight modification. This assay was performed with succinyl-Leu-LeuVal-Tyr-7-amino-4-methylcoumarin (Suc-LLVY-AMC) substrates. The reaction mixture consisted of 50 ll of crude enzymes extract, 250 ll of reaction buffer, 100 mM TrisHCl, and 1 mM DTT at pH 7.5, including 0.05 mM of the specific substrates. The reaction mixture was incubated at 37°C. The fluorescence was continuously monitored with a 96-Well Plate Reader M200 (Tecan, Austria) at 355 nm and 460 nm as excitation and emission wavelengths, respectively. The assays of calpains activity were done for five repeat. One unit (U) of calpains activity was defined as the amount of enzyme that hydrolyzes 1 lmol substrates per min at 37°C; calpains activity was expressed as U pre mg protein (U/mg protein).
Myofibrillar proteins preparation and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
Myofibrillar proteins were prepared as described previously by Diaz et al. [14] with slight modification. SDS-PAGE was used to determine proteolysis of myofibrillar proteins by a Mini Protean II apparatus (Bio-Rad, CA) with 5 and 12.5% polyacrylamide gradient gels. Protein sample (50 lg) was loaded in per lane. The assays of SDS-PAGE were conducted for thrice repeat.
The fragments of myofibrillar proteins in gel were identified according to the molecular weight of standard proteins. The intensities of bands were quantified by Quantity One Software (Bio-Rad Laboratories, Philadelphia, PA, USA); Electrophoresis procedures were implemented by our previous work [15] . Actin was defined as the internal standard. The difference of protein bands was calculated by the relative ratio of the intensities of protein bands account for the intensity of actin.
Immunoblotting for desmin
The expression levels of desmin bands were assayed by SDS-PAGE and Western blotting according to our previous study [15] with slight modification. After electrophoresis, proteins were transferred to polyvinylidene fluoride membranes (Immobilon-P, Millipore, MA, USA). The membranes were blocked in TBST solution (50 mM Tris, 150 mM NaCl, 0.05% Tween-20, 5% dry milk, pH 7.4) for 1 h at room temperature and incubated with primary antibody for 24 h at 4°C. The primary antibodies of rabbit anti-desmin (ab32363, abcam) and rabbit anti-b-actin (ab8227, abcam) were diluted 1:5000 with TBST solution, respectively. Membranes were incubated with secondary antibodies for 1 h at room temperature. The goat antirabbit HRP-conjugated secondary antibodies (ab205718, abcam) were diluted 1:1000 with TBST solution. The blot was incubated with DAB assay kit (sigma). Specialized Quantity One Software was used to quantify the blot. The assays of western blot were done for thrice repeat.
Free amino acids determination
The extraction and derivatization of free amino acids were performed as described by Shim et al. [16] with slight modification. Eight hundred milligrams of sample were taken from liquid nitrogen and homogenized in 3 ml 3% 2-hydroxy-5-sulfobenzoic acid. After centrifugation at 15,000 g at 4°C for 10 min, the supernatant was neutralized with 0.85 M K 2 CO 3 , centrifuged again, and filtrated by a 0.22 lm syringe filter (Millipore, Billerica, MA, USA). An automated amino acid analyzer (L-8900, Hitachi HighTechnologies Corp., Japan) was used to determine the content of free amino acids. The analytical procedures were conducted according to Shim et al. [16] . Absolute quantification was defined using peak area with external standards and an internal control. The assays of SDS-PAGE were done for thrice repeat.
Statistical analysis
Statistical analyzes were conducted by the one-way analysis of variance procedure (Duncan's Multiple Range Test) 
Results and discussion
The changes of cathepsin B 1 L potential activities during processing
The changes of cathepsin B ? L potential activities during the entire processing are shown in Fig. 1 . The potential activities of cathepsin B ? L decreased during the air dryripening stage, particularly at day 1 and day 4 of dryripening (p \ 0.001). At the end of dry-ripening, about 23.25% activities of cathepsin B ? L were retained, compared with the fresh piece. Endogenous enzymes are the key enzymes for the degradation of cytoskeletal proteins in meat tenderizing and dry-cured meat products [17] . Cathepsins and calpains have been indicated as crucial endopeptidases for the proteolysis of dry-cured meat products. However, overwhelming results demonstrated that cathepsin D lost its activity quickly, while cathepsin B, L, and H always maintained their activities during dry-cured ham processing [18, 19] . Ouali et al. [20] suggested that cathepsin H hardly hydrolyzed any myofibrillar proteins, whereas cathepsin B and L possessed extensive hydrolyzing activities for myofibrillar proteins. Cathepsin B and L are reported as the main endopeptidases responsible for muscle proteolysis and flavor formation in dry-cured meat products, since they could maintain stable activities during drycured meat processing [21] . Toldrá and Flores [11] reported that the activities of cathepsins were responsible for the generation of polypeptides, which could be further degraded to smaller peptides and free amino acids by exopeptidases. In our study, the cathepsin B ? L potential activities could accelerate the proteolysis of Chinese traditional dry-cured loins during the processing.
The cathepsin B ? L activities has been extensively reported during dry-cured products processing such as for Chinese Jinhua ham [22] . Compared with dry-cured hams, the Chinese traditional dry-cured loins have a shorter processing time including dry-curing and air dry-cured ripening. Our results showed that the cathepsin B ? L activities decreased during the entire air dry-ripened stage, which agreed with these reports by Zhao et al. [22] . Armenteros et al. [23] also reported that cathepsins B ? L activities decreased and that NaCl inhibited their activities during the dry-cured ham processing. The decrease of cathepsin B ? L activities can be attributed to the increase of salt content and the decrease of water activity as a result of water loss at the air dry-ripening stage. Sárraga et al. [24] reported that the salt concentrations of 8% intensely inhibited the cathepsins L activities. Toldrá [25] implied that proteolytic enzymes were still relatively active at the end of dry-ripening process. Based on our results that 23.25% values of cathepsin B ? L were retained at the final products, we implied that cathepsin B ? L could play an important role in degrading myofibrillar proteins during the Chinese traditional dry-cured loins processing.
The changes of calpains activities during processing
The changes in the calpains activities during process of Chinese traditional dry-cured loins are shown in Fig. 2 . The activities of calpains significantly decreased at the drycuring stage, at days 5, 8, and 11 of the dry-ripening stage (p \ 0.001) and maintained certain potential activities (15.04%) at the end of dry-ripening compared with the fresh piece.
Studies on the incidence of endogenous enzymes during the curing process of the dry-cured products have focused on cathepsins [12] , whereas very few studies about the incidence of calpains had been reported so far. It is generally accepted that calpains play a key role in the meat tenderizing process, particularly in the degradation of myofibrillar proteins, which occurs during the first 24 h post mortem. It was difficult to extrapolate the information available during the dry-cured meat products processing. Sárraga et al. [18] suggested that calpains activities were not detected after 2.5 month of the dry-ripening processing; the activities were only detected in raw hams and at the first stage of the dry-cured processing wherein it was notably lower than that of the raw hams. There was a similarity in our results that the calpain activities intensively reduced at the dry-cured stage and the stage of dryripening from 2 days to 11 days. Dransfield et al. [26] implied that the disappearance of calpains activities during dry-cured products processing could be explained by the fact that calpains were quite unstable enzymes, particularly l-calpain. Sárraga et al. [24] reported that the long drycured phase and the addition of curing salt made calpains unlikely to be involved in the entire Spanish dry-cured ham process. In our results, the retained calpains activities (15.04%) of the final products could be attributed to the shorter curing period of the entire dry-ripening stages compared with other dry-cured products. According to these results and those presented here, the major activities of calpains would take place at the dry-cured stage and the first steps of dry-ripening stage.
The changes of myofibrillar proteins during drycured loins processing
The degradation of myofibrillar proteins during processing
The electropherogram of myofibrillar proteins of dry-cured loins at different processing stages displayed significant difference (Fig. 3) . The most striking cleaved bands at the end of the dry-ripening stage were in the 220 kDa myosin heavy chain (MHC), 140 kDa (C protein). On the other hand, a 50-65 kDa cleaved MHC bands increased through the drying-ripened processing. The relative intensities of MHC and C protein bands normalized with actin are shown in Fig. 3 . The intensity of MHC decreased at days 8, 11, and 15 of dry-ripening (p \ 0.01); the relative intensity of C protein reduced at dry-cured phase and day 15 of dry ripening (p \ 0.01).
Several protein fragments have been identified in drycured products by proteomic tools such as titin, MHC [8] , and troponin T. Information derived from the identification of the naturally generated protein fragments could be very important to better understand the mechanisms of flavor development during processing. Toldrá et al. [19] observed that smaller fragments of the 50-100 kDa and 20-45 kDa regions in biceps femoris muscle significantly increased during dry-cured ham processing. Bermúdez et al. [27] reported that the myofibrillar fraction of the 66 kDa significantly decreased in semimembranosus muscles of Celta dry-cured ham; they implied that these proteins bands were degraded to peptides of smaller molecular weight during the ripening stage. Compared with other dry-cured meat products, we found that C protein was significantly hydrolyzed during the processing, which could be explained by the difference of muscle samples. Moreover, Wang et al. [28] reported that the C protein, b-tropomyosin, troponin I, and troponin-C were cleaved during the dry-cured duck processing and that there were significant correlations among the changes of the degraded bands of proteins, free amino acids content, and cathepsin activities. In our results, the main hydrolyzed proteins were considered as MHC and C protein, which agreed with the results obtained by Wang et al. [28] . The combined activities of calpains and cathepsin B and L could play a key role in the degradation of MHC and C protein during processing.
Degradation of desmin during processing
The evolution of desmin during the entire processing of dry-cured loins is shown in Fig. 4 . There was a rapid degradation of desmin at the dry-ripening stage, particularly at the end of dry-ripening. Surprisingly, we found that there was a new fragment (about 50 kDa) appearance at the early drying-ripened stage and disappeared at the end of dry-ripened. The relative intensities of desmin bands normalized with actin are shown in Fig. 4 . The relative intensity of 50 kDa fragment significantly increased at day 2 of air dry-ripening and then decreased at day 11 of air dry-ripening (p \ 0.01). Desmin, with molecular weight of approximately 54 kDa, locates at the periphery of the Z discs. The network of desmin intermediate filaments is responsible for interlinking Z discs of adjacent myofibrils and seems to be associated with the nucleus, plasma membrane, and other membranous organelles. Due to its significance in maintaining the structural integrity of the muscle cell, desmin degradation is believed to have a significant impact on meat postmortem tenderization [29] . Christensen et al. [30] reported that desmin firstly resulted in the appearance of the fragment with molecular weights of approximately 50 kDa, and then the fragment was significantly degraded in L. dorsi. Schäfer et al. [31] suggested that aging accelerated the degradation of desmin post mortem to generate fragments with molecular weight ranging from approximately 50 to 39 kDa. In our results, we found that the desmin fragment did not significant change at the early days, and then the fragment was degraded at the dry-ripening stage; the protein with a molecular weight of 50 kDa appeared at day 2 of air dryripening and disappeared at day 11 of air dry-ripening during the dry-cured loins processing. Baron et al. [32] demonstrated that desmin was certainly degraded by cathepsin B, and that it sequentially cleaved into small fragments from the C-terminal end of the molecule, whereas calpains cleaved desmin at specific structural features. Three proteins (MHC, C protein, and 50 kDa desmin) were degraded at different stages respectively, whose cleavages could be attributed to corporate activities of calpains and cathepsin B and L.
The changes of free amino acids during processing
The evolution of 18 free amino acids (FAA) and the total free amino acids (TFAA) content during the entire processing of dry-cured loins are shown in Table 2 . The significant increase of the TFAA content was observed throughout the processing in Chinese dry-cured loins, particularly at the dry-ripened stage. The TFAA content increased during dry-ripening (p \ 0.001) and reached average values of 1096.54 mg/100 g at the end of dryripening, compared with the fresh piece (333.18 mg/ 100 g). The main FAA were tryptophane, alanine, glutamic acid, leucine, and lysine at the final products. FAA are very important not only for their contribution to specific taste but also for their involvement in degradation reactions that generate volatile compounds, which provide the flavor in dry-cured meat products. It has been reported that peptides and free amino acids from protein degradation products were the precursors of flavor compounds [33] .The changes of FAA have been studied in drycured ham; the nonvolatile compounds generated from proteins decided the sensory quality at dry-cured products [27] . In our results, the increase in TFAA content could contribute to the sensory quality at the final product.
In our results, the final content of free amino acid was slightly lower than those reported by these authors of drycured hams [34] . The slightly lower total free amino acid content could be attributed to the short period of dry- ripening in Chinese traditional dry-cured loins compared with dry-cured hams. In agreement with the increase in the TFAA content, the content profile of each individual FAA was observed in our study. However, the increase was not the same for the different individual amino acids. The FAA that underwent the greatest increases were glutamic acid and alanine. The free amino acid profile is largely in accordance with those reports by different authors in drycured hams [5] . It implied that processing with low salts curing had no effect on the accumulation of free amino acid profiles. Furthermore, the fact that major myofibrillar proteins (such as nebulin, myosin heavy chains, and troponin I) were degraded into peptides or FAA has been reported during dry-cured products processing. Larrea et al. [35] showed that intense proteolysis occurred during the dry-cured ham processing, resulting in continuous accumulation of small peptides and FAA. Wang et al. [28] demonstrated that the increase of TFAA content was significantly and negatively correlated with activities of cathepsin B and L and with intensities of C protein, troponin I, and MLC2. Based on the fact and our results, the increase of TFAA could be attributed to the proteolysis of MHC, C protein, and desmin.
